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Issues surrounding HSI data

Hypothesis: How can NIR HSI sensors be effectively used to identify 

contaminants for emergency response situations?

How viable is the use of NIR (400 – 1100 nm) HSI sensors for 
emergency response?
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Setting the stage…….end of June was a wet one for many of the southern 

Great Plains states
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SE Kansas, southern city limits on KS-OK state line, 30 mi NE Tulsa

Flood debris and oil flowing down Verdigris River towards Lake Oologah, 

drinking water for several cities including Tulsa
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CAP Charter

resulted in the creation of the Civil Air Patrol on Dec. 1, 1941 

July 1, 1946, President Harry Truman signed Public Law 476 that 

incorporated CAP as a benevolent, nonprofit organization. 

And on May 26, 1948, Congress passed Public Law 557 which 

permanently established CAP as the Auxiliary of the new U.S. Air Force. 

ARCHER researched and developed under guidance of all volunteer 

Advanced Technology Group

in cooperation with Naval Research Lab, Air Force Research 

Lab, and US Coast Guard Research & Development Ctr

16 systems plus a spare

2003 RFP, late summer 2004 awarded, 2006 last acceptance == 

$6m for technology

Software by Space Computer Corporation, Hardware NovaSol 

Corp

Flown on Gippsland Aeronautics GA-8
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More than 60% of AFNORTH missions on their Air Tasking order are CAP 

Missions.

NOC – National Operations Center
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so that each image pixel can be accurately positioned (geo-registered) 

on a virtual map, in real time, during a mission.  

1x1 m - HSI

8x8 cm or 3”x3” - Pan
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REAL TIME

1) spectral signature matching (matching reflected light to spectral 

signatures) 

2) anomaly detection (calculates a statistical model of all the pixels in 

the image to see if there is a probability that a pixel does not fit) 

3) change detection (a pixel-by-pixel comparison of current ground 

conditions against ground conditions that were obtained in a previous 

mission over the same area)

Signature Match Detection – algorithm detects spectra that match a 

predetermined spectrum, logarithmic scale

Anomaly Detection –algorithm detects spectra that are anomalous to general 

background, sensitivity based threshold
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Screen shots received from CAP crew
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Image quality

Signal to noise ratio – 100:1

Smearing/Blurring of data

Exceed aircraft speed

Lack of reference data

No ground reference data or spectra 

False positives 

Sensor not designed for water  reflectance overload sensor – as seen 

at Lake Oologah
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•False positives => asphalt roads, some of the dark ponds

•Water => auto-exposure (brightness) compensation goes bonkers with 

too much orange red compensation

•Fresh water vs salt water is there a difference?

•Can signatures be developed  

•Partial Unmixing seems good solution

•In the case of an oil spill, it is difficult to select pure pixels of oil for training 

samples without including pixels of other mixed classes. Oil sticks on the 

edges and stream borders following a primarily linear shape rather than a 

polygon shape. It is, therefore, difficult to select separate samples of polluted 

soil and water on ponds, as they both appear black. In comparison to minerals, 

which have consistent spectral signatures, the spectral properties of oil spills 

are much less consistent. For example, factors such as variations in weather 

conditions, changes in oil characteristics, and type of oil spill create oil spectral 

variation that cannot be predetermined easily in a spectral library.



17



18



Protocol / CAP – how do we do this?

primary goal of this activity

Weather – no control, started flying July 3 and 4, came back and flew July 6 
and 7

Aerial photography trained to fly search and rescue, zamboni search pattern –
not same as S&R

Mail – may not get data when expected -- next day, really 2nd day during the 
week

Software – make sure have correct tools,  what to use!!??  SCC provided trial 
copies of GeoReg (not for prime time) and GeoReplay – instrumental in 
identifying flight lines, turn arounds

Processing – know what products needed - 1st timers, band subset, mosaic, 
clip  – PCI Geomatica

Ground reference data &/or Spectral library
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Protocol / CAP – how do we do this?

primary goal of this activity

Procedure / Cap – established, dedicated volunteers

what are image distribution constraints?

Weather nothing can do - no control, started flying July 3 and 4, came back 
and flew July 6 and 7

Aerial photography – new to crews - trained to fly search and rescue, zamboni 
search pattern – flying AP not same as S&R, provide training manual on 
basics of aerial photography – things to do/avoid, add it to ARCHER crew 
training

Mail – may not get data when expected -- next day, really 2nd day during the 
week

Software – make sure have correct tools,  what to use!!??  SCC provided trial 
copies of GeoReg (not for prime time) and GeoReplay – instrumental in 
identifying flight lines, turn arounds



Protocol / CAP – how do we do this?

primary goal of this activity

Weather – no control, started flying July 3 and 4, came back and flew July 6 
and 7

Aerial photography trained to fly search and rescue, zamboni search pattern –
not same as S&R

Mail – may not get data when expected -- next day, really 2nd day during the 
week

Software – make sure have correct tools,  what to use!!??  SCC provided trial 
copies of GeoReg (not for prime time) and GeoReplay – instrumental in 
identifying flight lines, turn arounds

Processing – know what products needed - 1st timers, band subset, mosaic, 
clip  – PCI Geomatica

Ground reference data &/or Spectral library



22

Expand literature search

V-NIR HSI sensors – more coming along, both airborne and satellite that are 

small, quick, and easy to deploy (don’t need cooling)

Is there a difference between fresh water and salt water oil spills

flooding situation – multiple contaminants

Signature database of contaminants or environmental conditions – is it 

possible?
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Processing –

Who will process the data

What are they going to process

How are they going to process

When are products needed – primary and secondary

On-Site: Have output capability from ground station (GeoSharpen), Imagery for on-site 

responders ASAP

• Potential upgrade Install GeoSharpen w/ GeoPDF capability on ground stations

Off-Site: Software  need to purchase at least GeoReg,  GeoSharpen, and GeoReplay

• make sure have lots of disk space!!

Mail - Know data origination, limitations of FedEx/UPS – know exactly what is best way to send 

data and tell crew, provide charge number

Ground reference data &/or spectral library – will make HSI processing go smoother


